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ABSTRACT
The infrared wavelength range is of vital importance for thermal imaging,
molecular sensing, astronomy, and a variety of other health, medicine, and
security and defense applications. Infrared detectors, capable of light de-
tection in this vital wavelength range are thus of significant technological
importance. In the past 10-15 years, type-II superlattices (T2SLs), primar-
ily utilizing antimony-based III-V materials, have gained significant interest
for their mid-wave or long-wave infrared (MWIR or LWIR) detection capa-
bilities. Although T2SLs are predicted to have superior performance, when
compared to the current state-of-the-art infrared detectors, such performance
has yet to be demonstrated. A primary limiting factor in T2SL device per-
formance is the thermal generation of carriers via a variety of defects and
impurities in the T2SL material. Understanding these defects is key to im-
proving T2SL detector performance. This thesis shows how to quantitatively
characterize T2SL materials by using electron beam induced current (EBIC)
and time-resolved photoluminescence (TRPL) technologies. Moreover, we
investigate how the molar composition of antimony and gallium affect on the
diffusion characteristics of this materials.
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CHAPTER 1
INTRODUCTION
The motivation for the research performed and described in this thesis lies
in the technological importance of infrared detectors. While the infrared is
often used to describe the wavelength range from 1 µm to 1 mm, the long
wavelength portion of this range is more frequently referred to as the THz
portion of the EM spectrum, and the IR more often is meant to refer to the
1 µm to 30 µm range, which encompasses the thermal IR portion of the EM
spectrum. Within the IR, the mid-wave infrared (MWIR) is meant to cover
the 3 to 5 µm range, where objects, such as stars or engines/turbines, have
their operational temperature higher than that of the human body. For this
reason, infrared astronomy and countermeasure technologies are two vital
applications for MWIR detectors. In addition, since the human body radiates
long wavelength infrared (LWIR, 8-12 µm), thermal imaging of biological
materials and night vision are other important applications.
The most commonly used infrared photodetectors for these applications
are quantum well infrared photodetectors (QWIPs) and mercury cadmium
telluride (MCT) photodiodes. Type-II superlattice material is considered
as a possible substitute for these commercialized infrared detectors because
of its theoretical superior performance [1]. However, T2SL detectors have
yet to achieve this superior performance, due in large part to defects and
growth imperfections in the complex hetrostructure required to achieve IR
absorption. However, it is generally agreed that T2SL detectors have yet
to be fully optimized. To do so, a comprehensive understanding of carrier
transport properties, and their relationship to material quality is required.
In this thesis, I describe techniques for comprehensive characterization of the
transport properties of T2SL detectors, and compare these properties as a
function of the T2SL material.
Chapter 2 of this thesis describes the basic concepts underlying T2SL per-
formance, including the T2SL band structure and describes the figures of
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merit for detectors in general. The potential superior performance of the
T2SL, when compared to other commercialized infrared photodetectors, is
discussed. In Chapter 3, scanning electron microscopy (SEM) electron beam
induced current (EBIC) technology is introduced. I also explain how this
measurement technique helps us to understand the quality of T2SL mate-
rials. Chapter 4 describes the experimental data obtained from our EBIC
experiments and gives the extracted transport parameters for each sample
investigated. Finally, Chapter 5 concludes the thesis with an overview and
discussion of our results, as well as potential future work enabled by these
results.
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CHAPTER 2
TYPE-II SUPERLATTICE DETECTORS
2.1 Type-II Superlattices
A type-II superlattice is a structure of alternating layers with two different
materials, where the band gaps of the two materials are said to align in a
broken type-II alignment. The type-II band alignment has the band gap
offset that is greater than the band gap of one of the constituent materials.
In Figure 2.1, the band alignment of an InAs/GaSb T2SL shows that the
conduction band of InAs is lower than the valence band of GaSb. Since
the thickness of each layer is quantum mechanically small, the overlap of
electron wavefunction between adjacent materials results in the formation of
mini-bands, with the energy seperation of these mini-bands resulting in an
effective band gap, which can be smaller than the band gap of either of the
constituent materials. Because this effective band gap can be designed to be
much smaller than either of the constituent material’s band gap, absorption
of infrared photons can occur via the excitation of an electron from the hole
mini-band to the electron mini-band, which are labeled as HH and E in
Figure 2.1.
In order to achieve a continuous mini-band, as opposed to an array of
isolated quantum wells, the thickness of each layer must be on the order
of nanometers, which requires epitaxial growth by either molecular beam
epitaxy (MBE) or metal-organic chemical vapor deposition (MOCVD). In
order to grow one material on top of another material, without significant
strain accumulation, which can create defects that can destroy the device
performance, the lattice constants of the constituent materials should be
matched. Figure 2.2 is the band gap versus the lattice constant plot of several
III-V semiconductor materials. InAs and GaSb, which have a broken type-II
band alignment, are thus good candidates for T2SL structure, because their
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Figure 2.1: Type-II band alignment of InAs/GaSb T2SL system [1].
lattice mismatch is less than 1% [2].
Figure 2.2: Energy gap versus the lattice constants of III-V compound
materials and their ternary alloys [2].
While the epitaxial growth of the alternating nanometer-scale layers in
non-trivial, the T2SL offers some powerful advantages for IR detection. In
particular, the careful design of layer thicknesses and material composition
allows for a wide range of operating wavelengths, from 3 µm to 15 µm,
covering the entire MWIR to LWIR spectral ranges [1].
In this thesis, we investigate In(Ga)As/InAsSb T2SLs as a function of Ga
concentration in the As-containing layers. The experimental data will be
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discussed in Chapter 4.
2.2 Figures of Merit
There are several figures of merit that help us to evaluate the quality of
photodetectors. To compare different type of detectors, it is important to
understand the cutoff wavelength, λc, responsivity, R, quantum efficiency,
ηQE, resistance-area product, RoA, and detectivity, D
∗. In this chapter, I
provide an overview of the various figures of merit typically used to describe
T2SL detectors.
2.2.1 Cutoff Wavelength
The cutoff wavelength of a detector, λc, defines the maximum wavelength of
a photon that can be absorbed by the detector device. It is determined by
the effective band gap of the material, Eg, as shown in Equation 2.1.
λc =
hc
Eg
≈ 1.24 [µm · eV ]
Eg [eV ]
(2.1)
where h is Planck’s constant, c is the speed of light in a vacuum, and Eg is
the band gap. More specifically, Eg is the band gap of HgCdTe material for
MCT detectors, the energy difference between the intersubbands for QWIPs,
and the energy gap between the mini-bands for T2SL material.
As an example, GaAs has the band gap energy of 1.42 eV at room temper-
ature which corresponds to a cutoff wavelength of about 870 nm. In other
words, light with wavelengths longer than this value will not be absorbed
(and thus not detected) by a GaAs photodiode. The band gap energy of
Mercury Cadmium Telluride (MCT) varies with the different molar composi-
tion, so the cutoff wavelength of this detector can be determined by changing
its molar composition. Similarly, T2SL material’s cutoff wavelength can be
engineered by varying the thickness of each layer. Since changing the layer
thickness of a T2SL structure is much easier than controlling the composition
of MCT, which is notoriously difficult to grow, the T2SL has a significant
advantage when it comes to the ability to engineer cut-off wavelengths, when
compared to the current state-of-the-art for mid-IR detectors, the MCT.
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2.2.2 Responsivity
Responsivity, R(λ), is a function of the wavelength, so it is also called spectral
responsivity. It is the ratio of the electrical output per optical input as shown
in Equation 2.2.
R(λ) =
Is(λ)
Φe
(2.2)
where Is(λ) is the output photocurrent in amperes, and Φe is the spectral
radiant incident power in watts.
2.2.3 Internal Quantum Efficiency
The internal quantum efficiency, ηint, is a probability of collecting the charge
carriers generated by the absorption of a photon in the detector material. It
is related to the external quantum efficiency, ηext, which represents the prob-
ability of the charge collection caused by an incident photon. Equation 2.3
shows the relationship between those two.
ηint(λ) =
ηext(λ)
1−R (2.3)
where R is the power reflectivity of the surface. The external quantum effi-
ciency can be converted from the spectral responsivity by using Equation 2.4.
ηext(λ) = R(λ)
hc
λq
(2.4)
where R(λ) is the responsivity, h is Planck’s constant, c is the speed of light,
λ is the wavelength, and q is the electron charge.
2.2.4 Dynamic Resistance-Area Product
The dynamic resistance-area product, RoA, quantifies the noise in an ideal
photovoltaic detector at zero bias. This variable is defined as shown in Equa-
tion 2.5.
1
R0A
=
[ 1
A
dI
dV
]
V=0
(2.5)
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where A is the area of the device, I is the current, and V is the bias volt-
age. Since the current, I, consists of the diffusion current, the generation-
recombination current, the surface leakage current, and the interband tun-
neling current, the dynamic resistance-area product, R0A gives information
about the material quality and the surface condition [2].
This parameter can also be expressed as the summation of the bulk resis-
tance term and the surface resistance term [3].
1
R0A
=
1
(R0A)bulk
+
1
rsurface
P
A
(2.6)
where rsurface is the surface resistivity in Ωcm, and P is the device perimeter
in cm.
In 2002, Yang et al. published the simulation and the experimental data of
InAs/(GaIn)Sb T2SL’s RoA product. As shown in Figure 2.3, the simulated
RoA product agrees well with the experimental data [4].
Figure 2.3: Experimental data (circles) and theoretical prediction of the
differential resistance as a function of the temperature for InAs/InGaSb
photodiodes [4].
2.2.5 Detectivity
The detectivity, D∗, is the most common figure of merit that is used to
compare different types of detectors. Equation 2.7 shows the Johnson nose-
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limited detectivity [2].
D∗λ =
√
A∆f
NEP
= R(λ)
√
R0A
4kBT
(2.7)
where A is the area of the device, ∆f is the noise bandwidth, and NEP is
the noise equivalent power. NEP is a measure of the sensitivity of a pho-
todetector system, which is defined as the minimum optical power required
for an output signal-to-noise ratio (SNR) of 1.
At the equilibrium, when the generation rate and the recombination rate
are the same, the detectivity is proportional to the square root of the ra-
tio of the absorption coefficient to the thermal generation rate as shown in
Equation 2.8.
D∗λ = 0.31
λ
hc
k
(α
G
) 1
2
(2.8)
where λ is the wavelength, h is Plank’s constant, c is the speed of the light, α
is the absorption coefficient, G is the thermal generation rate when 1 ≤ k ≤ 2
[5].
Figure 2.4: The ratio of the absorption coefficient to the thermal generation
rate, which is proportional to the detectivity, as a function of the
temperature for λ = 10 µm [5].
Due to the suppression of Auger recombination, InAs/GaInSb T2SL de-
tectors can theoretically have the best performance among other infrared
detectors at any given temperature as shown in Figure 2.4. Despite their
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theoretical superior performance, this superior performance has yet to be re-
alized experimentally, it is believed due to defects and impurities associated
with the epitaxial growth of the structures.
2.2.6 Dark Current
Dark current is the current that is generated without the actual light illumi-
nation. As shown in Figure 2.5, there are four main mechanisms of the dark
current: diffusion current associated with Auger recombination, Shockley-
Read-Hall (SRH) recombination, trap-assisted tunneling (TAT) process, and
the surface leakage current [6].
Figure 2.5: Illustration of dark current mechanisms such as
Shockley-Read-Hall recombination, trap-assisted tunneling, and Auger
recombination in a p-n junction [6].
Therefore the dark current, Idark, can be expressed as written in Equa-
tion 2.9.
Idark = IAuger + ISRH + ITAT + Isurface (2.9)
where IAuger is the current caused by Auger recombination, ISRH is Shockley-
Read-Hall current, ITAT is the current generated via trap-assisted tunneling,
and Isurface is the surface leakage current.
In general, it is believed that the surface dark current provides the lim-
iting mechanism for T2SL detector performance [6]. Though surface dark
currents are problematic, in 2004, with surface passivation demonstrated,
the most important remaining source of dark current becomes the SRH cur-
rent. Recent work has demonstrated that SRH current can be minimized
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by employing a barrier system preventing the transport of majority carriers
through the device [8]. Such a structure is often referred to as an nBn detec-
tor. In this work, we investigate the performance of such nBn detectors as a
function of the alloy composition of the absorbing T2SL.
2.3 nBn Detector
The nBn detector consists of an n-type absorbing layer, a barrier layer with
a large band gap, and an n-type contact layer. The barrier layer has to be
thick enough to prevent the electron tunneling through it, which will reduce
the majority carrier drift current due to the built-in potential. As shown in
Figure 2.6, the band gap offset of the barrier is in a way that it blocks the
majority carriers (electrons) while it passes the minority carriers (holes) [8].
Figure 2.6: Band diagram of an InAs-based nBn structure, biased under
operating conditions. Inset figure shows the flatband condition in the
barrier junction [8].
In this structure, the heterojunction barrier blocks the flow of the majority
carriers through the device. Since the flow of the majority carriers without
illumination is largely the result of SRH generation, the SRH dark current,
ISRH , can be diminished by inserting the barrier. In other words, the dark
current of nBn structure will be smaller than that of p-n photodiode. For
this reason, nBn structured T2SL infrared detectors will be characterized in
Chapter 4.
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CHAPTER 3
DIFFUSION CHARACTERIZATION OF
T2SL
As mentioned in Chapter 2, the defect and growth imperfections are the
limiting factors of T2SL infrared detectors. Because these defects and im-
perfections have direct effects on the transport characteristics of minority
carriers in T2SLs, a full characterization of minority carrier transport can
provide essential information for understanding T2SL detector performance.
In this chapter, two material characterization technologies will be introduced:
electron beam induced current (EBIC) and time-resolved photoluminescence
(TRPL). The diffusion length and the surface recombination velocity to dif-
fusivity ratio can be extracted by using EBIC, while the minority carrier
lifetime can be extracted via TRPL measurement. The flowchart of the
T2SL characterization is shown in Figure 3.1.
Figure 3.1: The flowchart of the T2SL characterization.
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3.1 Electron Beam Induced Current
Electron beam induced current (EBIC) is widely used for carrier dynamics
study. The high voltage electron beam generated by a scanning electron mi-
croscopy creates the electron-hole pairs (EHPs) within the T2SL material.
The volume where EHPs are created is called the generation volume which
can be derived from Monte Carlo simulation. This analysis will be discussed
in detail in Section 3.1.2. Once the EHPs are generated, they have some
finite probability of contributing to a current. Their contribution to this cur-
rent depends on the position at which they are generated, and the transport
properties in the material (drift and diffusion). Studying the current gener-
ation as a function of the localized excitation of electron-hole pairs, using a
drift/diffusion model, we can extract these vital transport properties from
our EBIC data.
3.1.1 Experimental Setup
There are two different geometrical variants of the EBIC experimental setup:
one is when the electron beam scanning direction is normal to the p-n junction
and the other is when the beam is scanning parallel to the p-n junction [9].
Figure 3.2: Schematic illustration of charge collection geometries. (a)
illustrates perpendicular p-n junction geometry and (b) illustrates planar
p-n junction geometry [9].
In Figure 3.2, Ib is the SEM electron beam, w is the depletion width, and
Icc is the collected current. While Figure 3.2 illustrates the simplest device,
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p-n junction, Figure 3.3 shows the nBn structure which will be characterized
in Chapter 4.
Figure 3.3: Schematic illustration of the EBIC setup with an nBn
structured T2SL device. The data and the model plots are from the Zuo et
al. paper [10].
The current flowing from the top to bottom contacts is amplified by a
Stanford SR570 preamplifier, and the amplified EBIC data is combined with
the theoretical modeling to extract the minority carrier diffusion length, Lh
and the surface recombination velocity to the diffusivity ratio, Sh
Dh
. The
experimental data and the theoretical modeled plots shown in Figure 3.3
were published by our group (D. Zuo, et al) in 2015 [10].
3.1.2 Theoretical Analysis
As mentioned in Chapter 3, the minority carrier diffusion length and the
surface recombination velocity to diffusivity ratio can be extracted by using
EBIC technology. In order to determine those parameters, we need to un-
derstand the variation of the collected current with a good knowledge of the
generation volume (the volume where EHPs are generated by the electron
beam) within the material.
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In this section, the quantitative analysis of EBIC measurements on the p-n
junction will be discussed [11]. Then, we will introduce the modified EBIC
analysis for nBn structured T2SL detectors.
In the p-n junction, when the excited minority carriers in the generation
volume diffuse into the junction, they are carried on the other side due to
the built-in electric field and create a current. This current is amplified
and collected as an EBIC signal. The quantitative analysis of EBIC on p-n
junction shown in this section was done by Bonard and Ganie`re in 1996 [11].
Considering the three-dimensional case, EBIC analysis starts from the dif-
fusion equation as shown in Equation 3.1.
D∇2∆p(x, y, z)− 1
τ
∆p(x, y, z) + g(x, y, z) = 0 (3.1)
where D is the diffusivity, ∆p(x, y, z) is the non-equilibrium minority carrier
density, τ is the minority carrier lifetime, and g(x, y, z) is the generation
volume function of minority carriers.
Figure 3.4: Experimental setup for EBIC measurement on the p-n junction
when the electron beam is normal to the cleaved surface [11].
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The EBIC signal can be described as the following in the three-dimensional
case:
IEBIC(x) = eD
∫ ∞
−∞
dy˜
∫ ∞
0
∂
∂x
∆p(x, y˜, z˜)|x=0dz˜ (3.2)
Since the EBIC signal is invariant along the y axis, the generation volume
function g(x, y, z) and the non-equilibrium minority carrier density ∆p(x, y, z)
can be simplified as the following:
h(x, z) =
1
γ
∫ +∞
−∞
g(x, y˜, z)dy˜ (3.3)
where h(x, z) is the projection of the generation g(x, y, z) and γ is the nor-
malized factor which is the total number of generated carriers.
q(x, z) =
1
γ
∫ +∞
−∞
∆p(x, y˜, z)dy˜ (3.4)
where q(x, z) is the projection of ∆p(x, y, z).
The efficiency of collection, η(x), is the probability of the minority carriers
generated by the high electron beam being collected as an EBIC signal. As
introduced in the paper published by Bonard and Ganie`re, it can be expressed
as Equation 3.5 [11].
η(x) =
∫ +∞
−∞
dx˜
∫ +∞
0
h(x˜− x, z˜)φ(x˜, z˜)dz˜ (3.5)
where h(x, z) describes the function of generated carriers, and φ(x, z) is the
charge collection probability. In the p-n junction, the charge collection prob-
ability is expressed differently based on the position: in the depletion region,
on the n side, and on the p side. As a final form, the efficiency of collec-
tion which gives information about the shape of the EBIC signal is shown in
Equation 3.6, Equation 3.7 and Equation 3.8.
η(x) =
1
pi
∫ ∞
0
[ Sh
Dh
ϑh(k, x) +
Se
De
ϑe(k,−(x+ dj))
]
dk
+ 0.5
[
erf
(x+ dj
σ1
)
− erf
( x
σ1
)] (3.6)
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where
ϑh,e(k, x) =
1
k2 + (Sh,e/Dh,e)2
erfc
[σ1
2
(
µ(k, Lh,e)− 2x
σ21
)]
× exp
[σ1µ(k, Lh,e)
2
]2
× exp[−µ(k, Lh,e)x] 1
(1 + k2σ22)
3
×
[
1 + 3
Sh,eσ2
Dh,e
− k2
(Sh,eσ32
Dh,e
+ 3σ22
)]
(3.7)
where
µ(k, L) =
√
k2 + 1/L2 (3.8)
where Sh,e is the surface recombination velocity of holes or electrons, Dh,e is
the diffusivity of holes or electrons, and σ1 and σ2 are empirical parameters
extracted from the Monte Carlo simulation.
By combining this theoretical EBIC analysis and the Monte Carlo simula-
tion program called CASINO (monte CArlo SImulation of electroN trajectory
in sOlids), we can extract the minority carrier lifetime and the surface recom-
bination velocity to diffusivity ratio. More detailed steps will be introduced
in Chapter 4 [12].
3.2 Time-Resolved Photoluminescence
Time-resolved photoluminescence (TRPL) is a contactless measurement of
the excess minority carrier concentration as a function of time. By using
a pulsed laser, the carriers are excited and create EHPs. When the EHP
recombines, the emitted photon can be detected and the transient photo-
luminescence signal versus time can be plotted. Based on this plot, the
minority carrier lifetime, τ , can be extracted via exponential decay fitting.
16
CHAPTER 4
EXPERIMENTAL DATA
4.1 Sample Specification
The nBn structured T2SL materials, shown schematically in Figure 4.1, were
grown by collaborators at the Air Force Research Lab at Wright Patterson
Air Force Base.
Figure 4.1: Schematic of the nBn layer structure grown by the Air Force
Research Laboratories.
In particular, we investigate two absorber designs, the first is InAs/InAsSb,
while the second is InGaAs/InAsSb.
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4.2 Monte Carlo Simulation
First, we construct the nBn structured T2SL detector using the CASINO
program. By simulating the high energy electron beam, we can get the
three-dimensional electron trajectory as shown in Figure 4.2. According to
Equation 3.3, we can calculate h(x, z) from the three-dimensional electron
trajectory, which is plotted in Figure 4.2.
Figure 4.2: The three-dimensional electron trajectory simulated by a
CASINO program (left) and the plot of the generation projection in a
function of the position, x (right). This calculation is based on
Equation 3.3.
By fitting this electron projection simulated by the CASINO program to
the theoretical expression derived in the Bonard and Ganie`re’s paper (Equa-
tion 4.1), we can extract the empirical parameters of σ1 and σ2.
h(x, z) =
1
a
exp
(
− x
2
σ21
)
z2exp
(
− z
σ2
)
dxdz (4.1)
where a is the normalization factor [11].
Electron beam energy σ1 σ2
30 keV 1.35 0.455
25 keV 1.15 0.335
20 keV 1.10 0.227
Table 4.1: The sigma values extracted from Monte Carlo simulation at
different electron beam energies are shown.
18
The extracted sigma values at different electron beam energies are listed
in Table 4.1.
4.3 EBIC Data
In this work, we study two T2SL structures designed to have similar cutoff
wavelengths. The first consists of no gallium content T2SL, while the second
has 5% gallium content T2SL. The effective band gap of each detector, which
was designed for approximately 5.8 µm, was verified via Fourier transform
infrared spectroscopy (FTIR) spectral photoluminescence (PL) measurement
as shown in Figure 4.3.
Figure 4.3: The left plot shows the temperature dependent PL of an
InAs/InAsSb T2SL, while the right plot shows that of an InGaAs/InAsSb
T2SL.
By fitting the theoretical EBIC model to the experimental data, as shown
in Figure 4.4, a hole diffusion length of 450 nm and a surface recombination
velocity to diffusivity ratio of 10 µm−1 were extracted for InAs/InAsSb T2SL,
while a hole diffusion length of 650 nm and a surface recombination velocity
to diffusivity ratio of 10 µm−1 were extracted for InGaAs/InAsSb T2SL.
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Figure 4.4: Experimental EBIC data taken at 80 K (solid lines) and the
theoretical EBIC model (dashed lines) for InAs/InAsSb T2SL (left) and
InGaAs/InAsSb T2SL (right) at various electron beam energies.
By repeating this step, we can find the diffusion lengths of each sample
at different temperatures. Figure 4.5 shows the diffusion length versus the
temperature plots.
Figure 4.5: The diffusion length versus the temperature plot of no gallium
content T2SL (InAs/InAsSb) and 5% gallium content T2SL
(InGaAs/InAsSb).
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4.4 TRPL Data
Time-resolved photoluminescence data were taken at various temperatures
from 80 K to 200 K. Figure 4.6 shows the TRPL data taken at 80 K with
various optical pumping powers along with an exponential fit used to extract
the minority carrier lifetime.
Figure 4.6: Time-resolved photoluminescence data take at 80 K with
various neutral density filters. A single-exponential fit (green dashed line) is
used to extract the minority carrier lifetime of each detectors.
From this fit, we obtained a hole lifetime of 74 ns for InAs/InAsSb, and
55 ns for InGaAs/InAsSb at 80 K. By repeating this step, we can plot the
lifetime as a function of the temperature for each detector as shown in Fig-
ure 4.7.
Figure 4.7: Lifetime extracted at various temperatures from 80 K to 200 K
for InAs/InAsSb T2SL and InGaAs/InAsSb T2SL.
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Using the Einstein relation, kT/q = D/µ, coupled with the diffusion length
equation, L =
√
Dτ , a vertical hole diffusivity of 2.7 × 10−2 cm2/s and a ver-
tical hole mobility of 4.0 cm2/Vs were extracted for the InAs/InAsSb T2SL
at 80 K, while a vertical hole diffusivity of 7.7 × 10−2 cm2/s and a vertical
hole mobility of 11 cm2/Vs were extracted for the InGaAs/InAsSb T2SL at
the same temperature. This calculation is repeated at each temperature, and
the diffusivity and mobility were plotted as a function of the temperature as
shown in Figure 4.8.
Figure 4.8: The diffusivity versus temperature plot is shown on the left,
and the mobility versus temperature plot is shown on the right.
22
CHAPTER 5
CONCLUSION
In this thesis, the analytic study of EBIC and the experimental EBIC mea-
surement on In(Ga)As/InAsSb T2SLs were discussed. The temperature-
varying EBIC data allowed us to extract different minority carrier diffusion
lengths at different temperatures. Moreover, this thesis introduced how the
diffusion characteristics of T2SL changes as the presence of gallium content
on In(Ga)As/InAsSb T2SLs. As mentioned in Chapter 3, full characteriza-
tion of T2SL detectors is done by EBIC measurement supplementing with
TRPL measurement. The minority carrier lifetime of the InAs/InAsSb T2SL
is longer than that of the InGaAs/InAsSb T2SL at the temperatures from 80
K to 200 K. The diffusivity of the InAs/InAsSb T2SL increases as the tem-
perature increases, while that of the InGaAs/InAsSb T2SL barely changes.
Also, the mobility of the InAs/InAsSb T2SL significantly increases as the
temperature increases, while that of InGaAs/InAsSb T2SL is relatively un-
changed as a function of the temperature. For future work, the higher per-
centage of gallium content of the InGaAs/InAsSb T2SLs will be studied in
order to find the correlation of the gallium content in this T2SL structure.
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